Despite the extensive use of phylogenetic methods in comparative plant biology, there is little information on how traits and their plastic responses can be affected by phylogenetic constraints (i.e. limitations in phenotypic expression resulting from the phylogenetic history of a lineage), particularly in plant radiations that may have occurred over a relatively short time period. In this study, we examined phylogenetic constraints in a monophyletic group of species of Descurainia (Brassicaceae) endemic to the Canary Islands. We measured growth and reproductive traits in a glasshouse experiment representing 17 populations of eight taxa previously analysed in a phylogenetic context. Two water availability treatments were used to assess the plasticity of the examined traits. Most of the traits did not show strong phylogenetic signal; only weak evidence for phylogenetic constraint was found in traits related to reproduction (total number of flowers, onset of flowering) and biomass allocation to roots. Substantial levels of plasticity were observed in all the examined traits, but plasticity showed little interaction between treatment and taxon, suggesting little divergence among taxa. Our study provides evidence that phylogenetic constraints in these quantitative traits, including their plastic expression, have not played a significant role in the pattern of phenotypic diversification of this island plant group. Phenotypic plasticity may thus have favoured adjustment to the habitats occupied by each species during the radiation process.
INTRODUCTION
Life history theory has made remarkable advances in demonstrating the ways in which plant growth and reproductive traits can vary in response to the environment (Scheiner, 1993; van Tienderen, 1997; Tuljapurkar & Caswell, 1997; Silvertown, Dodd & Gowing, 2001) , and these theoretical advances have been supported by empirical data from large sets of plant species (Silvertown et al., 1993; Grime et al., 1997; Menges, 2000) . However, these relationships are subject to phylogenetic constraints, i.e. legacies of past evolutionary events on the current traits of the organism, including growth and reproductive traits, which are presumably closely related to its fitness ('phylogenetic effects' as defined by McKitrick 1993) .
phylogenetically conserved components in plant traits. Such an approach has been used extensively for the analysis of morphological (Givnish, 1987; Böhle, Hilger & Martin, 1996; Dunbar-Co, Sporck & Sack, 2009 ) and ecological Prinzing et al., 2001; Cornwell & Ackerly, 2009; Mayfield, Boni & Ackerly, 2009) traits, but only rarely for the explicit phylogenetic analysis of traits related to growth and reproduction (but see, for example, Verdu & Traveset, 2005; Muth & Pigliucci, 2006; Burns et al., 2010; Burns & Strauss, 2011) .
A key component of plant fitness is the ability to respond to changing environments by plastic responses. Plasticity is essential in enabling a plant to survive in environments that vary over time or space (Scheiner, 1993; Sultan, 2000; Novoplansky, 2009) . By enabling individuals to survive under a variety of conditions, it can help them to inhabit wider habitat ranges and may thus be a driver of population divergence and, presumably, speciation (Pigliucci, Murren & Schlichting, 2006; Ghalambor et al., 2007; Crispo, 2008) . Differences in the levels of plasticity across a set of closely related taxa may indicate how this potential has been exploited during their evolution. Specifically, as plasticity is under genetic control (Schmitt, 1993; Pigliucci, Cammell & Schmitt, 1999) , plasticity across taxa could also be subject to phylogenetic constraints. Yet, we know little about phylogenetic constraints involved in this process, and the existing findings are not consistent (Pigliucci et al., 1999; Kembel & Cahill, 2005) . Strong phylogenetic constraints on plastic responses would indicate weak selection for plasticity, and thus data relating to this subject could help to resolve the evolutionary role of plasticity (van Kleunen & Fischer, 2005) .
Phylogenetic constraints on traits related to growth and reproduction are best studied within groups of related species. Such species generally share growth form and other major life strategy features, permitting the identification of minor or incipient divergences (or their absence). This is a necessary condition for the degree of plasticity in these traits to be reliably assessed. Best examples of such groups are found in closely related taxa which originated during rapid radiation processes on oceanic archipelagos (Price & Wagner, 2004; Rundell & Price, 2009) . Such radiations are a frequent evolutionary process on oceanic islands where geographical isolation has permitted only a few colonizing species to arrive from mainland source areas which underwent subsequent episodes of speciation (Givnish, Montgomery & Goldstein, 2004) . Populations subjected to different selective regimes across environmental gradients may then accumulate genetic differences, ultimately leading to speciation. For example, evolutionary diversification in Dubautia Gaudich. (Asteraceae) of the Hawaiian silversword alliance has been accompanied by a significant degree of change at the physiological and morphological levels, including water relations (Robichaux, 1984) , tissue elastic properties (Robichaux & Canfield, 1985) and plant architecture (Friar et al., 2006) . Similarly, ecophysiological studies on Hawaiian lobelioids have shown that a common ancestor gave rise to a series of species differing in their ability to exploit light or water availability (Givnish et al., 2004; Montgomery & Givnish, 2008) . In contrast with most morphological and physiological traits that often change during the course of lineage diversification, traits associated with reproductive output (including flowering phenology) usually remain stable and do not appear to undergo dramatic changes (Jorgensen & Olesen, 2001; Levin, 2006; García-Verdugo et al., 2014) . However, not all evolutionary changes in insular radiations are adaptive, and random processes (e.g. genetic drift) can also promote evolution. A strong indication of the adaptive value of a trait is a parallel pattern of variation in phylogenetically distinct, but ecologically similar, species (Givnish, 1997) . Because of strong pressure for the evolution of adaptive traits during the colonization of new habitats (Rundell & Price, 2009) , insular radiations provide particularly good opportunities for distinguishing between evolutionarily conserved traits and those that change readily in evolution (Jorgensen & Olesen, 2001; García-Verdugo et al., 2014) .
In this study, we examine phylogenetic constraints on traits relating to growth and reproduction and their plastic responses in a monophyletic group of closely related species. We combined data from a manipulative experiment with published phylogenetic data to examine phylogenetic constraints on a number of traits relating to growth and reproduction in species of Descurainia Webb & Berthel. (Brassicaceae) endemic to the Canary Islands. There are seven named Descurainia spp. in the Canary Islands (Arechavaleta et al., 2010) , the phylogenetic relationships of which have been analysed previously (Goodson, Santos-Guerra & Jansen, 2006) . First, we wish to identify those growth and reproductive traits that differ among closely related taxa within clades, and those that, in contrast, are stable within clades. Second, we seek to determine whether there is any phylogenetic constraint on the plasticity of these traits. The absence of such a signal would imply that plasticity has been changing in individual species freely (presumably in response to the heterogeneity in the environment), whereas conservatism in this trait would mean constraints on change in the capacity of the plastic response. We examine plastic responses to variation in the water regime, which is likely to be a key environmental driver in the studied group (see, for example, Fernández-Palacios, 1992) , and plants are known to show plastic responses to this factor (Aronson, Kigel & Shmida, 1993; Gianoli, Quezada & Suarez, 2009) . Moreover, plastic responses to water availability have been demonstrated in several plant species and are known to vary across taxa and genotypes, showing genotype × environment (G × E) interactions (Sultan, 2001 (Sultan, , 2009 Heschel et al., 2004; Rizhsky et al., 2004) .
MATERIAL AND METHODS

STUDY REGION AND STUDY SPECIES
The Canary Islands comprise seven major islands with remarkable variation in elevation that are a part of the Macaronesian region. Recently, the Macaronesian flora has become the subject of intensive molecular phylogenetic and phylogeographical studies that have made clear that most of the endemic groups present are strictly monophyletic, i.e. each originated from a single colonization event (Silvertown, 2004; García-Verdugo et al., 2014) . In addition, sharp ecological gradients between different ecological zones make Macaronesia an ideal region for studying evolution in response to environment.
Descurainia (Brassicaceae) comprises approximately 45 named species worldwide, with seven of them endemic to the Canary Islands (Bramwell, 1997; Goodson et al., 2006; Arechavaleta et al., 2010) . These perennial species occur on four of the five high Canary Islands (La Palma, La Gomera, Tenerife and Gran Canaria), where they occupy a number of habitat types, including lowland scrub, pine forest and high-altitude desert ecological zones (Hohenester & Welss, 1993; Francisco-Ortega, Jansen & Santos-Guerra, 1996; Goodson et al., 2006 Goodson et al., 2006) . Phylogenetic reconstructions of Descurainia in the Canary Islands have been performed using the nuclear ribosomal internal transcribed spacers (ITSs) and seven non-coding plastid regions (Goodson et al., 2006 (Bañares et al., 2004) . If a species was known to occur on several islands (D. millefolia), care was taken to ensure that samples were collected from each of them. Altogether, 17 populations of six named species on four islands (eight species/island combinations) were sampled (Table 1) . Herbarium vouchers are kept in PRC.
For each population, we sought to collect seeds from at least 20 mother plants and kept seeds from each mother plant separately. However, owing to the limited number of fruiting plants during seed collection, progeny of only ten mother plants was collected from populations PC1, PC2, MT1 and MT2, and progeny of only two mother plants was collected from MP3. Seeds were kept in a dry place until the beginning of the experiment.
PHYLOGENETIC APPROACH
We calculated the relatedness of individual taxa using a published tree based on seven plastid regions ( fig. 3 in Goodson et al., 2006) . Distances along the tree branches, expressed as the sum of branch lengths from the first population to the second population via the closest connecting node, were taken as measures of the phylogenetic relatedness of the populations. As the populations used in the cited study and our populations were not necessarily the same, we lumped together all populations for each species on each island to correspond to the phylogenetic reconstruction of Goodson et al. (2006 the experiment, but were included in the analysis of phylogenetic data. Goodson et al. (2006) showed D. millefolia to be paraphyletic, with the populations from different islands clustering more closely with other taxa than their purported conspecifics of different geographical origin. Thus, in our study, we have applied the label of 'taxon' to each of the ten above-listed units, and focused on the eight such taxa that we sampled. Average distances between pairs of these taxa were calculated as means of the pair phylogenetic distances between each of the sampled populations of a given taxon and each of the sampled populations of the other member of the pair in Goodson et al. (2006) .
EXPERIMENTAL DESIGN AND DATA COLLECTION
The cultivation experiment started in January 2006. Seeds were sterilized in a weak potassium permanganate solution and sown in small plastic containers in trays filled with potting soil and sand (2 : 1) in a glasshouse, and watered regularly. After 1 month, the seedlings were individually replanted into 3 × 3 cm 2 containers filled with potting soil and sand (1 : 1). After another month of growth, already established seedlings were planted into round containers of 17 × 17 cm 2 (c. 4 litres) in size with potting soil and sand (2 : 1) and watered daily. Twenty plants from each population were used; care was taken to use only one plant from each progeny of one mother plant for the experiment, whenever possible. The containers were kept in an unheated glasshouse on the premises of the Institute of Botany at Prů honice (50°00′N, 14°30′E) in the Czech Republic. After two further weeks of growth in the large containers, the plants were assigned to two treatments (i.e. ten replicate plants from each population in each treatment, the overall size of the experiment being 340 plants). If several plants from one mother plant were in cultivation, they were allocated to different treatments to minimize the number of half-siblings in each treatment. Plants in the high-water treatment were watered daily, whereas plants in the low-water treatment were watered approximately once every 5 days. The positions of plants in the experiment were shuffled approximately once every 3 weeks to avoid random effects of microenvironmental variation. Plant growth parameters were measured several times during the experiment (depending on the trait, see below). The parameters measured were plant height, number of leaves, number of branches and number of flowers. The experiment was terminated in January 2007, when plants were harvested, dried (at 60°C) and weighed. The roots were washed to remove the substrate, dried and weighed. All but one plant survived until the end of the experiment.
DATA ANALYSIS
Data from the growth experiment were processed to produce the following dependent variables for each individual: (1) plant height over the course of the experiment, after 68, 138 and 360 days (end of the experiment); (2) relative growth rate (RGR; see below); (3) number of branches and number of flowers at the end of the experiment; (4) onset of flowering; (5) biomass of individual plant parts at the end of the experiment; and (6) biomass allocation to individual plant parts at the end of the experiment. These variables are referred to as traits below.
Height-based RGR was calculated as log log h h t t 2 1 2 1
, where h2 and h1 are the plant heights at the end and the beginning of the period over which RGR is calculated, respectively, and t2 and t1 are the last and first days of that period, respectively. RGR was calculated for two intervals: between the 52nd and 98th day of the experiment (early RGR) and between the 98th and 138th day of the experiment (late RGR). The early RGR captures the early growth phase and the first response to differential water availability in the low-water treatment, whereas the late RGR captures the speed at which the plants approach their final sizes. As flowering data were not collected on a daily basis, the date of onset of flowering was estimated assuming a linear rate of flower development as t t f t t f f
where t0 is the date to be estimated, t1 and t2 are two successive recording dates after flowering was recorded, and f1 and f2 are the numbers of flowers recorded at these dates. Plants that were alive but had not flowered when the experiment was terminated were, by convention, assigned an onset of flowering at the end of May 2007, assuming that these plants would flower in their second year. Biomass allocation was calculated as a proportion of the respective plant part (inflorescence, roots, stem with leaves, branches with leaves) out of the total plant biomass measured at the end of the experiment. These values were employed only in analyses that used aggregate data over populations or taxa. In statistical models of individual plants [general linear models (GLMs) below], allocation to a given plant part was analysed by taking the biomass of that part as a dependent variable and the total plant biomass as a covariate, instead of analysing allocations directly. We used unrotated principal component analysis on a correlation matrix of trait values to summarize correlations among traits at the level of individual plants, to represent major trait syndromes (linear combinations of traits) and to separate variation in shape from variation in size (for a discussion, see, for example, Somers, 1986) . Biomass allocation variables were not included in this analysis because of their high correlation with absolute biomass values. Trait scores for individual plants were then analysed in the same manner as other dependent trait variables; they are denoted as Factor 1 and Factor 2 below [to distinguish them from the principal coordinate analysis (PCoA) axes that express phylogenetic relatedness between the taxa] and were used as independent variables in the analyses. All dependent variables at the level of individual plants were analysed by means of GLMs using S-Plus ver. 2000 (MathSoft, 2000) . Untransformed values of individual trait values were used because of their approximately normal distribution and homoscedasticity; reproduction-related variables (number of flowers, inflorescence biomass and inflorescence allocation) were square-root transformed before the analysis to improve homogeneity of variances. Two basic models were fitted to the data: (1) an ahistorical model with treatment, taxon and population (nested in taxon) as independent variables, and all meaningful interactions of these variables, to assess G × E interactions as a measure of variation in plasticity; and (2) a phylogenetic model. To fit a phylogenetic model assessing G × E interactions, we used the approach of Diniz-Filho, de Sant'Ana & Bini (1998) (see also Desdevises et al., 2003) . We summarized the matrix of phylogenetic distances using nonstandardized PCoA employing the function dudi.pco from the ade4 package for R (Dray & Dufour, 2007) ; the analysis included the two taxa (D. artemisioides/ Gran Canaria and D. bourgeauana/La Palma) that did not have corresponding plants in the experiment. Scores along the first two PCoA axes (first and second axes accounting for 65.4% and 20.8% of the total variation, respectively) were employed to capture phylogenetic relatedness of the eight taxa used in our experiment. The phylogenetic model was thus fitted to the experimental data with treatment, PCoA axis 1 score, PCoA axis 2 score, taxon (nested in PCoA axis 1 score and PCoA axis 2 score) and population (nested in taxon) as independent variables, and all meaningful interactions of these variables. F-tests were used to evaluate the significance of the individual terms of each of these models, accounting for the hierarchical structure of errors: taxon was thus used as the error level for PCoA axis 1 score and PCoA axis 2 score (phylogenetic model only) and population for taxon. Variance components of individual variables were calculated using the function varcomp in S-Plus 2000 (MathSoft, 2000) with restricted maximum likelihood as the estimation method, employing the same models as in the ahistorical GLM tests.
The phylogenetic signal of each trait mean and plasticity at the taxon level were further assessed using Pagel's λ (Freckleton, Harvey & Pagel, 2002) . For this analysis, we used the mean and plasticity of each of the measured traits for each taxon, with plasticity defined as the difference in mean phenotypic values between treatments divided by the mean across treatments; plasticity in factor scores was defined as the factor score difference between treatments. Two tests were performed, testing the significance of the data under the hypothesis λ = 0 (no phylogenetic signal) and under the hypothesis λ = 1 (Brownian model of trait evolution over the phylogenetic tree, i.e. complete phylogenetic signal) using function pgls from the package caper for R (Orme, 2012) . If neither of these tests was significant, we assumed that the power of the test was too low to draw any conclusion about the phylogenetic pattern in the trait. To account for interpopulation variation within taxa, identical analyses were performed at the population level with the means and plasticity of each trait defined as above. For the population-level analysis, we assumed that phylogenetic distances between populations within each taxon were equal to the mean within-taxon between-population distance from Goodson et al. (2006) .
RESULTS
ANALYSIS OF PHYLOGENETIC DISTANCES
The first and second axes of the PCoA captured > 85% of the variation in the matrix phylogenetic distances among the ten taxon/island combinations. The first PCoA axis reflected the two deepest divisions of the tree obtained by Goodson et al. (2006) (Fig. 1) . The second PCoA axis primarily separated Gran Canaria species (and D. millefolia on islands other than Tenerife) from the rest.
GROWTH EXPERIMENT
Growth in height was rapid at the beginning of the experiment, but soon slowed down, with little height increase in the later phase of the experiment (from the fourth month of the experiment onwards; Fig. S1 ). Approximately 60% of the plants flowered. The effect of treatment was significant for most variables. However, there was no significant effect on the late RGR, number of branches and onset of flowering ( Table 2) .
The ahistorical GLM (Tables 2 and 3) Table 4 . caused by the factors 'taxon' and 'population (nested in taxon)', with the relative proportions of contributions of these levels to variance differing depending on the variable examined. The taxa differed in growth-related traits (late RGR, above-ground biomass, branch biomass, root biomass) and in reproductive traits (onset of flowering, number of flowers and, marginally, allocation to flowering). When the taxon-related variation was removed, there was significant variation between individual populations in almost all traits. The effect of water availability treatments was also strong and affected many traits; plants from the low-water treatment were smaller (in height and above-ground biomass) and branched and flowered less than plants assigned to the high-water treatment (Table 2 , Fig. S1 ). Several interactions between taxon and treatment were significant and numerically large (final plant height, early RGR, mass of inflorescences, total root mass), but none of the interactions between treatment and population was significant (Table 2 , Fig. 2 ). The phylogenetic GLM showed only weak phylogenetic signal in the structure of the examined traits (Table 4 ). There was a consistent phylogenetically related difference in inflorescence biomass and allocation and, to some extent, in above-ground biomass, root biomass and allocation (Table 4 ; see also Fig. 1 ). There was almost no phylogenetic signal in the plastic response to water availability (i.e. phylogeny × treatment interaction). The only exception was plasticity in plant size at the early phase of the experiment.
All traits measured in individual plants were strongly correlated (the first two principal component axes explained 50.9%). Factor 1 essentially captured the size variation of the plants (Fig. 3) . Factor 1 thus separated sturdier plants that invest more in vegetative growth from plants that grow quickly, flower early and invest more in generative parts. GLM analysis showed that both factor scores were strongly related to treatment and population. Factor 1 had a marginally significant effect of 'taxon', although the amount of variation contributed by either 'taxon' or 'population' was low (Tables 2 and 4) ; it did not show any phylogenetic signal. Factor 2 had a significant effect of 'taxon × treatment' interaction (Tables 2 and  4) , with a considerable proportion of variation caused by 'taxon' (and 'population'). Factor 2 also had a significant phylogenetic signal in the mean value over treatments and a marginally significant 'PCoA axes × treatment' interaction (Table 4) .
Individual trait means at the taxon level did not show any significant difference from λ = 0, but showed a number of significant differences from λ = 1 (Table 5) . This indicated that, at the taxon level, there was no strong phylogenetic signal in any of the study traits. For several traits, there was no significant difference from either λ = 0 or λ = 1, indicating that there was insufficient power to assess the validity of any phylogenetic hypothesis. At the population level, there were a few significant differences from λ = 0 (indicating phylogenetic signal); this was the case for flowering traits (number of inflorescences, inflorescence allocation, onset of flowering) and root traits (biomass allocation to roots). However, all traits showed significant differences from λ = 1 (Table 5 ), meaning that the patterns of trait variation among taxa were different from complete phylogenetic dependence, i.e. that expected under random (Brownian motion) evolution of the trait during the evolutionary history of the lineage. Individual trait plasticities showed a similar pattern, with no significant differences from λ = 0 at the taxon level, and a few (again flowering and root biomass traits) at the population level. With one exception, all means and plasticities differed from λ = 1 at the population level. Significant phylogenetic signal in plasticity (i.e. significant difference from λ = 0) was shown by inflorescence number, biomass and allocation, and root biomass and allocation (Table 5 ). Evolution of inflorescence biomass was not distinguishable from the Brownian model (i.e. complete phylogenetic dependence).
DISCUSSION PHYLOGENETIC SIGNAL IN INDIVIDUAL TRAITS
Using a monophyletic and ecologically divergent insular plant group, our study addressed the effect of phylogenetic relatedness on growth and reproductive traits and their plasticities. Most growth and Table 2 . allocation traits exhibited significant variation in their means among population and taxa. In general, growth-related traits (such as plant height) were rather population specific with low variation among taxa; in contrast, flowering and allocation traits typically had large and significant amounts of variation residing at the taxon level and wide variation among taxa. Despite wide phenotypic variation among taxa, all analyses showed that phylogenetic signal in these traits was rather weak or undetectable. There was weak evidence of phylogenetic conservatism in traits related to reproductive output (number of flowers, allocation to inflorescences) and biomass allocation to roots. Flowering traits are known to be conservative in many different groups (Wright & Calderon, 1995; Chazdon et al., 2003; Griffiths & Lawes, 2006) . Although we cannot identify with certainty the key selective processes that took place during the evolution of this group, it is likely that the colonization of new habitats (e.g. lowland scrub, alpine zone or pine forests) must have been linked to selection on traits associated with adaptation to different water regimes.
TRAIT PLASTICITY
In contrast with substantial taxon-level variation in trait means, variation in plastic responses among taxa was much lower, and differences between populations were even lower, with no significant population × treatment interactions at the population level (Tables 2 and 3) . Low taxon-level and population-level differences in plasticity were found despite the fact that the mean plastic response (i.e. main effect of the treatment) was strong in many examined traits. Plasticity in most traits showed weak or a lack of phylogenetic signal; traits that showed conserved variation in plasticity were often those that also showed conserved variation in the means (such as total number of flowers or total root mass; Table 5 ). The sparse data available from other plant groups show no phylogenetic signal in growth traits (in response to light; Pigliucci et al., 1999) , but phylogenetic constraints on plasticity in root allocation (Kembel & Cahill, 2005) .
Low variation in trait plasticity among taxa and populations has two possible explanations: (1) there has been no differential selection on trait plasticity between the habitats of individual species because the habitats of all species are similar; or (2) habitats are different, but plastic responses to different water availability are strongly phylogenetically conserved in the whole clade and do not respond at all to existing selection (possibly also a result of the prevalence of passive over active plasticity; van Kleunen & Fischer, 2005) . Available evidence for water regimes of habitats shows that: (1) drought is universal in the habitats of all Descurainia spp.; and (2) it typically has an important temporal component throughout the season which may differ among habitats (Fernández-Palacios, 1992) . Published studies of drought-related plasticity have shown extensive interactive effects of treatment and source population or genotype on plasticity when populations coming from habitats differing in water regime are compared (Sultan & Bazzaz, 1993; Heschel et al., 2004) . This may indicate that plasticity in drought-related traits need not be strongly conserved and that similarity across all taxa could indeed be caused by similarity in their habitats (see also Niinements & Valladares, 2006) . This is further supported by the fact that most traits that showed interaction between taxon and treatment did not show a significant phylogenetic component in their variation (such as total plant height or early RGR). Trait abbreviations: Height2, total plant height on the 98th day; Height4, total plant height on the 138th day; Height6, total plant height at the end of the experiment; RGR12, early relative growth rate; RGR24, late relative growth rate; Onsetfl, onset of flowering; Nobr6, total number of branches; Nofl6, total number of flowers; AboveBio, total above-ground dry mass; BrBio, dry mass of all branches; InflBio, dry mass of inflorescences; RootBio, total root dry mass. Unless otherwise stated, all size and allocation variables are measured at the end of the experiment.
LIMITATIONS OF THE STUDY
The power of the experiment to detect significant within-taxon variation in means and plasticities was constrained by the fact that some rare taxa (D. gilva, D. gonzalesii and D. lemsii) were each represented by only one population in the experiment. This means that the amount of variation among populations was estimated using only the most common species (namely D. bourgeauana, D. millefolia from Tenerife and D. millefolia from La Palma). However, examination of the pattern of variation in the examined traits across these taxa showed no major interspecific differences, suggesting that this is likely to be true for the clade as a whole.
The low number of taxa in the whole group also makes the identification of phylogenetic signals difficult (see Freckleton et al., 2002) , and this was the likely reason for the inconclusive results obtained at the taxon level, where we did not find evidence of phylogenetic constraints for most traits because of a lack of power (Table 5) . For these traits, the dataset is not sufficiently informative concerning their phylogenetic dependence. Our population-level analysis using 17 data points was more powerful to detect significant differences (Freckleton et al., 2002) , and results from these analyses are more robust. The tests were typically sufficiently powerful to reject one of the extreme phylogenetic hypotheses (absence of any phylogenetic signal vs. trait evolution determined by phylogenetic dependence), but estimates of λ were still wide, leaving considerable uncertainty about the actual degree of phylogenetic dependence.
In addition, results on plastic responses are affected by the choice of treatment used in this study. The interpretation of plastic responses from the experiment was based on the assumption that responses in the glasshouse experiment approximate well to plant behaviour in the field. The results showed that differences between treatments were strong, and plants in the low-water treatment clearly performed considerably more poorly, indicating that the levels used were meaningful. However, the glasshouse regime is different from that in the field, and thus plastic responses may represent a different portion of the reaction norm of the species than that displayed by plants under natural conditions. Given the strong response of our plants to the experimental treatments, however, it is reasonable to assume that the sampled part of the reaction norm bears relevant information concerning the expression of plasticity in the study group.
The interpretation of trait plasticity should take into account the fact that response to the low-water regime is a combined effect of the behavioural response of the plant to low water as a stimulus (by Table 5 . Significance tests (P values wherever < 0.1) of λ = 0 and λ = 1 at the taxon and population levels. All variables, except height, growth rate and onset of flowering, were determined at the end of the experiment. Cases with insufficient power to assess any phylogenetic hypothesis [i.e. when tests of both λ = 0 and λ = 1 are non-significant (n.s.)] are indicated in italics
Level
Taxon Population
Variable tested Mean Plasticity Meanaltering its developmental programme, for example) and of simple differences in productivity between the treatments differing in water availability (i.e. active and passive plasticity, respectively; van Kleunen & Fischer, 2005) . Multivariate analysis can help to separate these components of plasticity: plasticity in the second axis captures shape-related variation independent of size, which is likely to be caused by a behavioural response. Another issue is the high level of residual variation observed for many traits (Table 3 ). This can be partially explained by genetic differences among individuals experiencing different levels of treatment. It should be noted that genetically different individuals, not clones, were used in each treatment, which introduces some bias for the estimation of plasticity. Maternal effects may also account for these results as, in most cases, each plant was a descendent of a different field-occurring mother plant. Despite these limitations, we identified a number of significant relationships indicating sufficient power to reject the null hypothesis in some cases.
CONCLUSIONS
Our study detected high levels of phenotypic variation in growth and reproductive traits among individual Descurainia spp., but the analyses did not support strong phylogenetic patterns for these traits across the studied taxa. Weak phylogenetic signals were found in some reproductive traits (inflorescence biomass and allocation) and biomass allocation to roots, but most traits appear to have been labile over the course of the radiation. These results suggest the prevalence of putatively adaptive responses over constraints as a result of common ancestry. Levels of plasticity in all the examined traits were similar across taxa. Trait plasticity was even less phylogenetically constrained than trait mean values, which probably favoured the colonization of habitats during the evolution of this lineage.
